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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the error of a steady 
exhaust gas recirculation(EGR) rate, and also to make 
improvements in the control performance of this EGR rate by 
constituting the step number of a step motor regulating the 
opening of an EGR valve so as to be varied into pulsativeness in 
accordance with a set duty ratio and a period. 
SOLUTION: At the time of opening control over an EGR valve 6, 



the opening of a target EGR valve is set up by a target EGR resssbari'. ^J'^i — , 



valve opening setting means 1, and a duty ratio is set up by a 
duty ratio setting means 2 from this target EGR valve opening. 



In a periodic setting means 9, a period is set up from engine H££* r 

speed by means of an engine speed detecting means 8. Then a 

command step number is set up by a command step number 

setting means 3a from the target EGR valve opening, the duty 

ratio and the period. In a step motor operating means 4, a step 

motor 5 is operated according to the command step number, 

adjusting the opening of the EGR valve 6. With this, the extent 

of operating speed to be required to the step motor 5 is 

reduced, and thus EGR control performance is improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The opening of the EGR valve which opens and closes an EGR pipe tunnel, and an EGR valve 
The step motor which can be adjusted discretely, A means to set up whenever [ target EGR valve-opening ], 
and a means to detect engine rotational speed, A means to set up the duty ratio of a pattern which operates 
said step motor from whenever [ said target EGR valve-opening ], A means to set up the period of the 
pattern which operates said step motor from said engine rotational speed, a means to set up the command 
number of steps from whenever [ said period and said duty ratio, and said target EGR valve-opening ], and a 
means to operate said command number of steps to a step motor — since ~ the EGR control unit for internal 
combustion engines characterized by becoming. 

[Claim 2] In the EGR control unit for internal combustion engines according to claim 1 , a means to set up 
said command number of steps A means to calculate the working speed required of said step motor from 
said period and said duty ratio, An amendment judging means to judge the necessity of implementation of 
amendment of said duty ratio from the upper limit of a means to presume the upper limit of the working 
speed of said step motor, said working speed demanded, and said working speed, Said duty ratio and said 
period, and a means to set up the 2nd duty ratio from the upper limit of said working speed based on the 
output of said amendment judging means, said period and said 2nd duty ratio, and a means to calculate said 
command number of steps from whenever [ said target EGR valve-opening ] - since - the EGR control unit 
for internal combustion engines characterized by becoming. 

[Claim 3] It is the EGR control unit for internal combustion engines which establishes a steady state judging 
means to judge that operational status is in a steady state among said engine rotational speed or fuel oil 
consumption using either at least in the EGR control unit for internal combustion engines according to claim 
2, and is characterized by said amendment judging means judging the necessity of implementation of 
amendment of said duty ratio from the upper limit of said working speed demanded and said working speed, 
and the output of said steady state judging means. 

[Claim 4] It is the EGR control unit for internal combustion engines characterized by said fuel oil 
consumption being target fuel oil consumption in the EGR control unit for internal combustion engines 
according to claim 3. 

[Claim 5] It is the EGR control unit for internal combustion engines characterized by presuming the upper 
limit of said working speed from the temperature of the coil of a step motor in the EGR control unit for 
internal combustion engines according to claim 2. 

[Claim 6] It is the EGR control unit for internal combustion engines characterized by presuming the 
temperature of said coil from either at least among the detection values by the detection means of the 
temperature of the EGR valve downstream whenever [ said target EGR valve-opening ], and near the EGR 
valve in the EGR control unit for internal combustion engines according to claim 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the EGR control unit for internal combustion engines. 
[0002] 

[Description of the Prior Art] The outline of the configuration of the exhaust air reflux control unit of an 
internal combustion engine given in JP,8-21314,A is shown in drawing 1 1 as a conventional example, this 
conventional equipment — whenever [ target EGR valve-opening ] ~ the setting means 21, the duty ratio 
setting means 22, the command number-of-steps setting means 23, the step motor actuation means 24, a step 
motor 25, the EGR valve 26, and an internal combustion engine 27 — since — it becomes. With the setting 
means 21, whenever [ target EGR valve-opening ] is set up whenever [ target EGR valve-opening ]. With 
the duty ratio setting means 22, the duty ratio of a pattern which operates a step motor is set up from 
whenever [ target EGR valve-opening ]. With the command number-of-steps setting means 23, the 
command number of steps is set up from whenever [ target EGR valve-opening ], and duty ratio. With the 
step motor actuation means 24, a step motor is operated according to the command number of steps. A step 
motor 25 adjusts the opening of the EGR valve 26. 

[0003] Supplementary information is carried out about the conventional example! The number of steps of 
the step motor 25 which can actually be taken presupposes that they are zero or more integers. Whenever 
[ target EGR valve-opening ] shall exist between ten steps of a step motor 25, and 1 1 steps as an example. In 
such a case, the conventional example changes in the shape of a pulse like drawing 12 in the command 
number of steps. The duty ratio of a pulse is set up with the duty ratio setting means 2 from whenever 
[ target EGR valve-opening ]. 

[0004] If the actual number of steps considers as a match mostly at the command number of steps of 
drawing 12 , the amount of EGR(s) which passes the EGR valve 26, and the amount of EGR(s) inhaled by 
the cylinder will become like drawing 13 . To the amount of EGR(s) which passes the EGR valve 26, since 
it has the relation of first-order lag in approximation, the amount of EGR(s) inhaled by the cylinder becomes 
like drawing 13 . If the period of the pulse of drawing 12 is shortened, the oscillating width of face of the 
amount of EGR(s) inhaled by the cylinder will become smaller. Therefore, if the duty ratio of the pattern of 
the command number of steps of operation is adjusted, the amount of EGR(s) inhaled by the cylinder can be 
controlled continuously, and an EGR rate can be made mostly in agreement with a target EGR rate. By such 
approach, the conventional example has solved the problem of the EGR control by the ability of a step 
motor 25 not to adjust whenever [ EGR valve-opening ] discretely. 

[0005] Here, with the command step setting means 23, the command number of steps which changes from 
whenever [ target EGR valve-opening ], and the set-up duty ratio in the shape of [ as shown in drawing 
1212 ] a pulse is set up. However, if whenever [ EGR valve-opening ] becomes large, since the coil 
temperature of a step motor 25 will become an elevated temperature with the EGR gas which passes a valve 
and the upper limit of the working speed of a step motor will fall, if whenever [ target EGR valve-opening ] 
becomes larger than a predetermined value, it judges that the command number of steps like drawing 12 
cannot be followed, and the command number of steps is fixed to the number of steps nearest to whenever 
[ target EGR valve-opening ]. 
[0006] 

[Problem(s) to be Solved by the Invention] However, if it is in such a conventional EGR control unit, there 
are the following problems. With the conventional technique, as a pattern of the command number of steps 
of operation, only duty ratio is made adjustable and the period supposes that it is fixed. Operational status 
with the quicker working speed required of a step motor 25 depending on target duty ratio than the working 
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speed which can follow a step motor 25 exists, and it may be able to stop being able to generate target duty 

by this. For this reason, there is a problem that EGR controllability ability will deteriorate. 

[0007] 

[Means for Solving the Problem] This invention is made paying attention to such a conventional trouble. 
Then, the EGR valve to which invention according to claim 1 opens and closes an EGR pipe tunnel, A 
means to set up the step motor which can be adjusted discretely, and whenever [ target EGR valve-opening ] 
for the opening of an EGR valve, A means to detect engine rotational speed, and a means to set up the duty 
ratio of a pattern which operates said step motor from whenever [ said target EGR valve-opening ], A means 
to set up the period of the pattern which operates said step motor from said engine rotational speed, said 
period and said duty ratio, and a means to set up the command number of steps from whenever [ said target 
EGR valve-opening ], and a means to operate a step motor from said command number of steps were 
established. Invention according to claim 2 is set to the EGR control unit for internal combustion engines 
according to claim 1 . A means to calculate the working speed of which a means to set up said command 
number of steps is required by said step motor from said period and said duty ratio, An amendment judging 
means to judge the necessity of implementation of amendment of said duty ratio from the upper limit of a 
means to presume the upper limit of the working speed of said step motor, said working speed demanded, 
and said working speed, Said duty ratio and said period, a means to set up the 2nd duty ratio from the upper 
limit of said working speed based on the output of said amendment judging means, and said period and said 
2nd duty ratio, and a means to calculate said command number of steps from whenever [ said target EGR 
valve-opening ] constituted. A steady state judging means to judge that invention according to claim 3 has 
operational status in a steady state among said engine rotational speed or fuel oil consumption using either 
in the EGR control unit for internal combustion engines according to claim 2 at least was established, and 
said amendment judging means consisted of an upper limit of said working speed demanded and said 
working speed, and an output of said steady state judging means so that the necessity of implementation of 
amendment of said duty ratio might be judged. Invention according to claim 4 presupposed that it is said 
fuel oil consumption target fuel oil consumption in the EGR control unit for internal combustion engines 
according to claim 3. In the EGR control unit for internal combustion engines according to claim 2, 
invention according to claim 5 was constituted so that the upper limit of said working speed might be 
presumed from the temperature of the coil of a step motor. In the EGR control unit for internal combustion 
engines according to claim 5, invention according to claim 6 constituted the temperature of said coil so that 
it might presume from either at least among the detection values by the detection means of the temperature 
of the EGR valve downstream whenever [ said target EGR valve-opening ] and near the EGR valve. 
[0008] 

[Function] Originally, when the period of the pattern of the command number of steps of operation has a 
low engine rotational speed, compared with the high time, it can take for a long time. When engine 
rotational speed was low, it was made to take the long period of the pattern of the command number of steps 
of operation by using the information on engine rotational speed in this invention. By this, the working 
speed required of a step motor can be made small in the range without an EGR controllability ability top 
problem, and the range of the operational status which can generate the duty as desired value becomes larger 
than the conventional example. Improvement in EGR controllability ability is expectable with this. 
[0009] 

[Embodiment of the Invention] Hereafter, this invention is explained based on a drawing. Drawing 1 
expresses claim 1 of this invention with a block diagram. The EGR control device of this invention consists 
of the setting means 1 , the duty ratio setting means 2, command number-of-steps setting means **3a, the 
step motor actuation means 4, a step motor 5, the EGR valve 6, an internal combustion engine 7, an engine 
rotational-speed detection means 8, and a periodic setting means 9 whenever [ target EGR valve-opening ]. 
Command number-of-steps setting means **3a is equivalent to a means to set up the command number of 
steps of claim 1 . 

[0010] With the setting means 1, whenever [ target EGR valve-opening ] is set up whenever [ target EGR 
valve-opening ]. With the duty ratio setting means 2, the duty ratio of a pattern which operates a step motor 
5 is set up from whenever [ target EGR valve-opening ]. With the periodic setting means 9, the period of the 
pattern which operates a step motor 5 is set up from engine rotational speed. In command number-of-steps 
setting means **3a, the command number of steps is set up from whenever [ target EGR valve-opening ], 
duty ratio, and a period. With the step motor actuation means 4, a step motor 5 is operated according to the 
command number of steps. A step motor 5 adjusts the opening of the EGR valve 6. Engine rotational speed 
is detected with the engine rotational-speed detection means 8. 
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[001 1] Hereafter, based on a drawing, it explains as a gestalt of operation of the case where claim 6 is 
carried out, from claim 1 . The configuration of the gestalt of operation is shown in drawing 2 and drawing 
3 . The gestalt of this operation consists of the setting means 1, the duty ratio setting means 2, command 
number-of- steps setting means **3b, the step motor actuation means 4, a step motor 5, the EGR valve 6, an 
internal combustion engine 7, the engine rotational-speed detection means 8, the periodic setting means 9, 
the target fuel-oil-consumption setting means 10, a steady state judging means 11, and a coil temperature 
presumption means 12 whenever [ target EGR valve-opening ]. 

[0012] Command number-of-steps setting means **3b consists of the demand working-speed operation 
means 3b- 1, working-speed upper limit presumption means 3b-2, amendment judging means 3b-3, and 2nd 
duty ratio setting means 3b-4 and command number-of-steps operation means 3b-5. 

[0013] Next, an operation is explained supposing a 4-cylinder internal combustion engine. With the setting 
means 1 , the desired value which is whenever [ EGR valve-opening ] so that an actual EGR rate may follow 
is set as the target EGR rate which changes with operational status whenever [ target EGR valve-opening ] 
(equivalent to claim 1). 

[0014] With the duty ratio setting means 2, whenever [ target EGR valve-opening / which is the output of 
the setting means 1 whenever / target EGR valve-opening ] is used, for example, the following is performed. 
It asks for whenever [ EGR valve-opening / which is equivalent to whenever / target EGR valve-opening / at 
the number of steps smaller than whenever / most near and target EGR valve-opening ] (referred to as 
Aegrl). It asks for whenever [ EGR valve-opening / which is equivalent to whenever / target EGR valve- 
opening / at the larger number of steps than whenever / most near and target EGR valve-opening ] (referred 
to as Aegr2). The count shown below as shown in (several 1) is asked for the duty ratio of a deed actuation 
pattern (equivalent to claim 1). 

DUTYratio=100xM(Aegr-Aegrl)/( Aegrl -Aegr2) - (several 1) 
However, DUTYratio: Duty ratio of a pattern of operation (%) 
MAegr: Whenever [ target EGR valve-opening ] (%) 

With the periodic setting means 9, the count shown below as shown in (several 2) is asked for the period of 
a deed actuation pattern using the engine rotational speed which is the output of the engine rotational-speed 
detection means 8 (equivalent to claim 1). 
Tstp=kx(Vcy lx30)/(VcolxNexetav) - (several 2) 
However, Tstp: The period of a pattern of operation (s) 
k: Correction factor Vcyl : cylinder capacity (m3) 
Vcol: Collector volume (m3) 
Ne: Engine rotational speed (rpm) 

etav: — volumetric efficiency — here, Vcol, Vcyl, k, and etaV are given as a predetermined constant. It asks 
for k by experiment etc. Periodic:Tstp of the pattern of operation called for from (several 2) is the value 
which multiplied the time constant of the first-order lag explained by drawing 1 3 by k. 
[0015] Command number-of-steps setting means **3b is constituted by the demand working-speed 
operation means 3b- 1, working-speed upper limit presumption means 3b-2, amendment judging means 3b-3, 
and 2nd duty ratio setting means 3b-4 and command number-of-steps operation means 3b-5. Each element is 
explained below. 

[0016] In demand working-speed operation means 3b- 1, a demand working speed is calculated in the 

following procedures, using the period of the pattern of operation which are the duty ratio of the pattern of 

operation which is the output of the duty ratio setting means 2, and the output of the periodic setting means 

9 (equivalent to claim 2). Count shown below as shown in (several 3) and (several 4) is performed, and it 

asks for the minimum time amount width of face from which the command number of steps changes. It is 

Tpul=tstpxDUTYratiox0.001 at the time of DUTYratio<50. - (several 3) 

It is Tpul=tstpx(100-DUTYratio) xO.001 at the time of DUTYratio>=50. - (several 4) 

It corrects. Tpul: The minimum time amount width of face from which the command number of steps 

changes (s) 

Tstp: The period of a pattern of operation (s) 
DUTYratio: Duty ratio of a pattern of operation (%) 

[0017] Next, it asks for the working speed required of a step motor from Tpul. The relation between Tpul 
and a working speed is beforehand prepared as a map. The example of a demand working-speed 
presumption map is shown in drawing 4 . It is presumed that a demand working speed is large, so that Tpul 
becomes small. 

[001 8] In working- speed upper limit presumption means 3b-2, the upper limit of the working speed of a step 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/18/2006 



JP,1 1-200954,A [DETAILED DESCRIPTION] 



Page 4 of 5 



motor 5 is presumed from the temperature of the coil of the step motor 5 which is the output of the coil 
' temperature presumption means 12. The relation of the upper limit of the temperature of the coil of a step 
motor 5 and a working speed is beforehand prepared as a map. The example of a working-speed upper limit 
presumption map is shown in drawing 5 (equivalent to claim 5). 

[0019] In amendment judging means 3b-3, the following is performed, for example from the upper limit of 
the working speed which is the output of demand working-speed operation means 3b- 1 and which is 
demanded, and the working speed which is the output of working-speed upper limit presumption means 3b- 
2, and the output of the steady state judging means 1 1 (equivalent to claim 3). 

[0020] First, the size relation of the upper limit of a working speed and a working speed demanded is 
compared, and when the working speed demanded is larger, it judges with amending. Conversely, when the 
upper limit of a working speed is larger, it judges with not amending. Let a judgment result here be the 
judgment result 1 . 

[0021] Next, when the output of the steady state judging means 1 1 is not outputting the signal showing a 
steady state, it judges with amending irrespective of the judgment result 1. When the signal showing a 
steady state is being outputted, the judgment result 1 is considered as a final judgment (equivalent to claim 
3). 

[0022] In the 2nd duty ratio setting means 3b-4, the duty ratio of the pattern of operation which is the output 
of the duty ratio setting means 2, the period of the pattern of operation which is the output of the periodic 
setting means 9, the upper limit of the working speed which is the output of working-speed upper limit 
presumption means 3b-2, and the output of amendment judging means 3b-3 are used, for example, the 
following is performed (equivalent to claim 2). 

[0023] When the signal judged as the output of amendment judging means 3b-3 not amending is being 
outputted, let duty ratio of a pattern of operation be the duty ratio of the 2nd pattern of operation which is 
the output of this means as it is. 

[0024] On the contrary, the following is performed when the signal judge that amends is being outputted. 
From the upper limit of a working speed, and the period of a pattern of operation, the duty ratio of the 2nd 
pattern of operation is set up. The period of the upper limit of a working speed and a pattern of operation 
and the relation of the duty ratio of the 2nd pattern of operation are beforehand prepared as a map. The 
example of a duty ratio setting map of the 2nd pattern of operation is shown in drawing 6 and drawing 7 . At 
this time, if the duty ratio set up with the duty ratio setting means 2 is 50% or more and duty ratio is less 
than 50% about drawing 6 , drawing 7 will be used. 

[0025] Drawing 6 and drawing 7 make duty ratio nearer to the duty ratio which could follow the step motor 
5 and was set up with the duty ratio setting means 2 the duty ratio of the 2nd pattern of operation. 
[0026] In command number-of-steps operation means 3b-5, whenever [ duty ratio / of the 2nd pattern of 
operation which is the 2nd output of duty ratio setting means 3b-4 /, period / of the pattern of operation 
which is the output of the periodic setting means 9 /, and target EGR valve-opening / that is the output of the 
setting means 1 whenever / target EGR valve-opening ] is used, for example, the following is performed. 
[0027] Whenever [ target EGR valve-opening ] is asked for the number of steps (referred to as Stepl) 
smaller than whenever [ most near and target EGR valve-opening ]. The command number of steps is set up 
from said Stepl, the duty ratio of the 2nd pattern of operation, and the period of a pattern of operation. For 
example, at ten steps, Stepl is set up so that the duty ratio of the 2nd pattern of operation may serve as a 
pattern [ like drawing 8 ] of operation whose command number of steps is at 30%, when the period of a 
pattern of operation is 20ms (equivalent to claim 2). In addition, Stepl is the number of steps equivalent to 
Aegrl in the duty ratio setting means 2. Therefore, Aegrl to Stepl may be calculated from whenever [ target 
EGR valve-opening ]. 

[0028] With the step motor actuation means 4, a step motor 5 is operated so that the actual number of steps 
may approach the command number of steps which is the output of command number-of-steps operation 
means 3b-5 (equivalent to claim 1). 

[0029] In a step motor 5, the opening of an EGR valve is adjusted according to the output of the step motor 
actuation means 4 (equivalent to claim 1). 

[0030] The amount of EGR(s) is controlled by the EGR valve 6 by adjusting opening (equivalent to claim 
1). 

[003 1 ] Engine rotational speed is detected with the engine rotational-speed detection means 8 (equivalent to 
claim 1). Target fuel oil consumption is set up with the target fuel-oil-consumption setting means 10 
(equivalent to claim 4). 

[0032] With the steady state judging means 1 1, the following things are performed, for example from the 
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engine rotational speed which is the target fuel oil consumption which is the output of the target fuel-oil- 
consumption setting means 10, and the output of the engine rotational-speed detection means 8. A map like 
drawing 9 centering on target fuel oil consumption and engine rotational speed divided for every field is set 
up, and when the point which makes the two above-mentioned inputs a coordinate is settled in the specific 
field beyond the predetermined period, the signal showing a steady state is outputted. In addition, let target 
fuel oil consumption be a match mostly at actual fuel oil consumption (equivalent to claim 3). 
[0033] With the coil temperature presumption means 12, the temperature of the coil of a step motor 5 is 
presumed from whenever [ target EGR valve-opening / which is the output of the setting means 1 
whenever / target EGR valve-opening ]. The relation between whenever [ target EGR valve-opening ], and 
the temperature of the coil of a step motor 5 is beforehand prepared as a map. The example of a temperature 
presumption map of the coil of a step motor 5 is shown in drawing 10 (equivalent to claim 6). If whenever 
[ target EGR valve-opening ] becomes large, when also whenever [ actual EGR valve-opening ] becomes 
large and the amount of EGR(s) which passes an EGR valve increases, because the coil of a step motor 5 
becomes an elevated temperature, it will become a map like drawing 10 . Moreover, as indicated to claim 6, 
the temperature of the coil of a step motor 5 may be presumed from the temperature of the EGR valve 
downstream near the EGR valve. Also in this case, the relation between the temperature of the EGR valve 
downstream and the temperature of the coil of a step motor 5 is similarly prepared as a map beforehand near 
the EGR valve. 
[0034] 

[Effect of the Invention] As explained above, when it was made for the number of steps of a step motor 
which adjusts whenever [ EGR valve-opening ] to change in the shape of a pulse according to the duty ratio 
and the period which were set up, according to this invention, the error of the steady EGR rate resulting 
from the ability not to adjust whenever [ EGR valve-opening ] discretely can be reduced. Moreover, the 
operational status which must stop changing the command number of steps in the shape of a pulse from the 
upper limit of the working speed of a step motor can be reduced by having made the period of a pulse the 
configuration which unites with operational status and changes so that a working speed quick beyond the 
need may not be required of a step motor. The controllability ability of an EGR rate can be raised by this. 
Invention according to claim 3 has the still more nearly following descriptions to effectiveness (effect of the 
invention according to claim 1) common to the above. Improvement in the EGR controllability ability in a 
transient is expectable by having established a means to judge that operational status is in a steady state, and 
having used the output for the amendment judging means according to claim 2. 

[Translation done.] 
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[»*B1] E G R ISilSS^riSHT & E G R# 4 . 
E G R#©WS*lt»fl«j«:BBRlS6«c^?- ? £ 
4. 

ifEG R#MK*BBE-r 4 . 

*wsb&k**mht 4 . 

SJEB«EGR^HBIflt*»6. buIBXt- J*^ 
■j-S^* - >©f» < -ib^SKsET £3MS4 . 

ttEWOHfioM&> h . &r tax f - ? - * *»fw s 

flKHMitref'a-fw -tkiWESWE GRAPHS 
*>6ftSC4*#g&4T5rt&«KraEGR*flS|liSg. 

[ tS2je^ 2 ] nim i iBts©rt mahai e g r mwm 

tuiBg* 3 n -5 S&fPiig 4 b?I 28&f6I&©±l©#> 6 . to 
ia7 r *-7--f-J:b©ffliE©l65t©SS ; &*J«-r-S. MiE 

buib f 3.-7- j -ttt mi emffl t f?i as5ffiig©_hPR#> 
we»iE«je#«©HJAK:»-3* . 312 ©7^- 

BUlB JUS! 4 lufB& 2 © f* * - h — Jt 4 BVfB E G R 

a>6 «c s c i ^#m<t t zftammm e GR$<ra. 
[M#v 3 ] s&jjai 2 tB*g©rtjgstsKffl e g r mm 

ft< ti>t%h tor-ttmux . MEttB*s£ftRftfc 
f^s<o±Hi«r^«tt«fl5e*8W5a**»6. stria 

7=^-7-4 -tb©MiE©»fe©SS**iJSir ZCtZft 

wiffzptfmmmEGR mama. 

I M«q| 4 ] 3 f e*£©f»3 j^Mffl E G R ftOOS 

C 4 £#® 4 T 4 ftj&WJl E G R MMB. 

C i8*3i 5 ] aujaf 2 iatg©F«g jK^Mffl egr wops 
gtcfct^-c. friBSM^jIS©±K«, x?- *?•■*-£© 

3 ;u©fig*> 6 *s&r s c 4 ® 4 1 *> ftmrnrnm 

EGRMMfcK. 

[go&n 6 ] it mm 5 nmopommm e g Rfwauss 
gtcfcu-c. Bif§a=>^©isgtt, mriBg^EGR^gg 

fl»». EGR*a«rEGR^T««®«tt<0«IHl#a 
fc J: S&fcBfil© 5 5. *f>& < 4 6 4'*> e>*>-Jjfrhmm 

tz> ctztmfrzpi&timm e g Rimpttg. 
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[0 00 1 ] 

rmmkkccpt*-*. 

[0 00 2 ] 

[fi£*©t$fl5] a 1 1 KS£*0iJ4 l/t«H¥8 - 2 1 3 

«ai*wr. co^ggi*. B«EGR^pgsia«^ 

10 gg#g2 3. Xf ^*-Wf#S2 4, 

E GR^f 2 6 , ftM2 7, d>6ft4„ 
BSEGR#ligg£#S2 1 S^E GR^fflBK 

*S9!3£-rS. r -/-J:bS:S#l32 2tB. B^E 

? 3.-7- j -itzwrfe? z. ittXT-i v&mm^m. 2 

SSEGR^Sif^-f-f-ib*?). Jg^- 

Xf-;7'e-$2 5B, EGR^t=2 6©P3a?:ie^ 
20 "T-So 

[0003] u^mic-o^x^smmti>. msicm*) 
n -s c 4 #pjfig&x f^t-*25©xf!> 0 

&±.<DW8l-C&Z>f§rZ>. FJ4 LTS^EGR^Pggtt 
Xf?^-3r25«Dl OXf-^i 1 1 ^f^©S 
tc^SET-5fc©4TS„ C©J:5ftJS-^K:, SE3fe#l«}g 
<&X^i-7'St*501 2 ©J: ')K.J*)VXW l c^.itirz>. ri 
)VX<D7 : *--^4-ttiZ, iSEGRjffligjS^fa- 

f •/ -JtB»e#a 2 r ^ n h . 

[0 00 4] HS©X-ff yt^il 2©fg^^y^ 
30 ifcctitf— gW-£fe©4-r&4 > EGR^P2 6^jiig-r 
SEGRa4->y>^tc^A3nSEGRS«Ell 3© 
cfcSCC&S. S";>^fc©ASn.5EGRa«EGR^ 
2 6^ii®-rSEGR«(c*tL/r. ifimrKifc— -XMtKO 
m%lc&Z>tc&>lcmi 3 © J: -5 &c ft SI 2©>-OU* 

©sw*^<rn«. ^';>y(c®A$n-i>EGR»© 
«Asn-5EGR«*asiiw«:iwflrrsc4*s-rfif, e 

GR$?rg^E GR^tC««— gc$tf-£C 4*i-C#S„ 
40 CWi^ft^-T. fie*M«^^^^-i?2 5#EG 
R^S^StticWK: L*«SgL/^. ftC^ C4KJ:4EGR 

fMap©Ka*ftsfc or u» -s . 

[0 005 ] c c-c. MXf sr 7*19:^132 3 r«. 
a^EGR^Figgt4^Snfc7 r ^-7 i -<-j:bA^. 0 

1 2 ©J: 5 ft^-jux««:^b-r SJg^XT- f ^©^S 
^rtf^. b^L, EGR#gajt#**<ft<5 4. Xf 
•Z*-^ 2 5©n-Y JWB&im*mj*lrZ> E GR//XCC 

«t rmuictj: t) , ^f^t- *©«i^)$s:©±e*i 

<STf5t4#>6. SeEGR^BaSAsm^filJ:'?^:^ 
50 < ft 4 4 . 0 1 2 © J: 5 ft*§<&* f - 9 7"|5[iCiiti£-c^ ft 
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H-SiLtt,>5, ChfcJ^TIKWa- f-i-tb 
*f ? * 2 5 j&silfiClISBttMiffaflEfeLhCca 
im%<?t5CiAS*5. C©fc«> v EGR3HJSJ& 
[000 7] 

[SB*JiSifc-$-&fc:«>©#©] C©#6K3tt. .£©£5 

■C. »Jfc>S 1 iBt&DffcBjJtt, EGRWilSS^PS&Tr-SE 
GR#£. EGR^F©HUe*|«BtWK»BRrt6ttXf-» 

^-^i. a«EGR#Hia*s93e-s-**®i. «n 
-f-it*H3&i-s#«£. msmsmimB&b. mria 

Si. BtTlSJlXI<!:B!ria7 r 3.-7--Y-J:biB«IBS«EGR 

#iBflE«>6v *s^f sr^jcsaftjrrs^ai. anas 

RUBEGRSIiiJffiJSSgJcfcl^ buIBJ^Xt- v -f&kWt 

©i. strse^^s wm& <t i?fB»ifE&&©_hi®#> 
e>. buiht 5 * - t- -Jt©ffiiE©*te©S5**J5e-r -s 
«E«e#ai . mria ^^.-7- ^ -tttmizmmtffiiz 

s*. *2©* t »~?-.f-]t*Kje , r.5*R&. fflffiHXI 

m&m 3 1 Bis©igBj «, 2 i Bis©f*3jBstgi»ffl e g 
nvmc $>zct **i3&r «£*ttttne?tit*Ktt . 

«WB*KE#03e^Stt. f!rfBS3jc3nS8iJ^jISimrfBS6 
ffiatt©±Kil9^«ttffl¥H3e#S©liJ*36>6. MIB 
7^.-7 * -ih©ffliE©IISg©^S**iJ^-r.5J: 5fitJi£ 
LA:. 19*^4 ett©H9!«. sf*5 3 sBiSW^MtiK 

mmmm-c$>zc ttLtc. m^assiass©^^ it 

*qi 2 lS4R<Z>F*3«BtKmm E G R AfMiBCc 4»c »t . ffilB 
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5Ett©rt««MfflEGRIW»«aK:fe|,>r. mifB=i^ 

-»u©a&«» mriBeSEGR^a*\ EGR#i5Grc 
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[001 1 ] t(T. I#*5 1 A^W*56 *^6SL>/cti 
40 ^^©^iL-CaS^ca-J^-CittBJ-r^,. 02 i 

E G R^iggiS^lg 1 . 7 s a 4 -)AMM^-®.2 . 

fg^^-r 7-f&t9S£3Mg<Z> 3b. Xr-; 7^- 

«4. EGR^F6. «S97. A 

«9:ffi*sio. s»««*!ce#ai 1. =i^;usas}i' 

S^mi 2 3&>6<t4. 

[0012] 7 » 7'^S^m<2) 3 b ». 

ftiaas«»#a3 b - 1 . ttriFaucjbmi£#R3 b - 
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DUTY rat i o = 
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>©JSSI ; S:fflt^r > ^dx«Ji(T©«f:^%#)B-Cg^l!{i^ 

Mfi^ifsH-rs (ti^2K:ti^) . ^cc^-r. <& 

3) . (&4> <DJ:9tttt*&fT«:l>. JB^X^sr^K 
a^bT£&4>©l$r1Bi|§£*a&£. DUTYr a t i o 
<5 0©£# 
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Ml,, T s t p : »f£r? *->©«« ( s ) 
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V c y 1 : tffi^W Cm' ) 
Vc o 1 : nUi'^Sm (m 5 ) 
Ne :^H(Hl^3$g ( r pm) 
77 v : ftStaft* 

CC-C. Vco 1. Vcy 1. KtnVkWil&DTgglt 
bt^AS. kiJ*^(CJ;0*«)5. (ifc2) #><E>;fc 
£>6ft3> Sb^->**->©ia»| : Ts t p(*. 0 1 3 ic 

[0015] v 7mSL7£^&® 3 b «. m&Wi 

ffiaua»»#«3 b - i, «flf«iaLhiiafi5E*«3 b -★ 

Tpul = tstpXDUTYrat i 
DUTYr at i o^50O£t 30 
Tp u 1 = 

t s t px (l 00-DUTYr a t 
fc/cb, T p u 1 : Jg^-X T -j •fW&g.itT 

zik'jxDmmz ( s > 

T s t p : Hff^*->©H| ( s ) 
DUTY ratio: SMI^t*-^©^ a -it 
(%) 

[00 17]XK, Tpul^^f'^-t-^St 
£ ft £. Tp u 1 tffl$m&<09MK 
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5£v?:/ej£H4(C7jVr. Tpu l*S/b3 

[0018] ttf^aflLhlR«Be*S3 b - 2 r«. =i 
JWRBtSBM¥Btl 2<Dmt>X-3bZ>X7- y Zf*-*i5(Dz3 
■< ACM* 6 . Xr? y^E- £ 5 ©Sbf^agOiK* 

8&ft)ia_h|iB!f 5E-7 7-^1^0 5 t,c9jk? (ft ^5 5 (CtB 
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[ 0 0 2 0 ] *r. B*S*i4B6fK»Sittffjltt©± 
R©*^Wflfc&J*!tSOT, B*Sti-5«W^JSK©56F*^: 

©±R©2r***&l>J|gt;l:. HuEfctftottl* <fc sicmis. 
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[0024] jMtc «iE*tT5t*Ber*fi#*ia*o 
rt^js^tt, «T©«fc5ttc£*fT9. «6ffiiis©± 

IKi«I^<*->©^»!*>6, ^2©Bil^^"^->©f r 10 

^? - XDiSWi M 2 ©«lff -'^ - >©7 1 ^. - 7 s - ^ -Jrt© 
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-it#5 0%*^r*fttf@7£/Bt>£o 
[0 02 5 ] I6ii7tt, X7"7 7"^-*5#iSS£nJ 

-itte. JiOfil^a— 7=--/ -bl&m2<DW)ft 20 
— >©fa- 7" -f — Jti"3"-5&©"C&-2>„ 
[0 02 6] ffi^T^^SHfM^RS b -5-CH. J» 
2©f=*-7--<-i:b^#|g3 b -4©ffi7t)-C*-S^2 

©ttfp^-f-^w-^^-^^-iti. jamss^as© 

3E#Sl©a«7-C*-5B«EGR#HIJS*flH,»-C. 011*. 

[0 02 7] S«E GR#HSKS4>i5< . *^§iE 
GR^ScfcO^S^Xf i.^ (S t e p 1 iT-S) 

l5tSS t e p 1 £02©Sbf£'"?£->©f t .* 30 

ZW>7E.-?2>. t e p 1#1 0Xff7""C»2(D 

8il^N-$->©7 r *--7-^ — Jrb*s 3 0%rS6fP^-$-^ 
©/I 2 0ms ©*§•£. Jg^X r- ? 8 ©£ 5 

5 KiS^SnS (W^2«:tB 
S> „ ft. SteplB. -ttWt^m2iC 

r. @SEGR#pgS^6-C«^:< , Aegrrl^6S 
t e p 1 £j£«>-C4>J:t>. 

[0 02 8] *?-?:/*--»»fE#a4-CO:, Jg-^XT- 40 

y$mm^&3 b - 5©m*"c*sjs*x^ ■» 

«c. UK© x f 7 ^»*Hfi-3 < J; 5 fc x f 9 - £ 5 

[0 02 9] Xf y 7'*- £ 5 "Ct*. Xr si 7 -ce-$g| 
ft#S4©m*K«£^rEGR^©HlS*««W* (ft 
5#B 1 (CfflS) . 

[0 03 0] EGR^f6-C«. mm.*IM&? 5 C £CC«fc 
oT, EGRfi£»rS (IMfSl KtBS) . 

[0 03 1 ] «MIieaS*lffi^S8 T-ti. ^Mlelte31 

a* 4^tB -r £ ( nr&i i «cfts > . s mmnmm &w>tZ so 
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[003 2 ] «Stfc«*»R 1 1 S«W$H!tti 
SKS^&l 0©W^-r*5@^*P4'«*fS<t. msm 
KiMCtftffl*S8©lB*t?**«Hia«»a36»6. «*. 
tf«T©Ci*tT5. BMBMUtt&MIBIEraS 

sreeu ±e 2 o©a# ***.!: &m<om 

««c3f3E©JB|IBfeLh«l*r»rt»i»^tt. SSKSS** 

■r^#*w*-T5. m. ae*!«*4«i*atj^Bg©*^i« 
»s(cn«-i!tr4*>©t-r4 <m*a3«:ffis) . 

[0 03 3] 3^JUjM3(Be*ai2-C»3:. liEGR 
fmBBK&^St 1 ©tt#rCft-5B*E GR#gag3^6. 
X7^:/*-£5©3-Ob©agL*8i3£-r£. liEG 
R#PJK iXf-;7 -; t-*5ffla-f ^©figOM&W: & 

©^ -f ii/©jafijfB£v v zfm*m 1 o cc^-r (awaie 

Kffl^) . 01O<D«t7ft-7i'7'{Ci5cSOtt. g^EG 
R*PM*#*:*<&*£. 3HS©EGR*FWSt>**< 
ttoT. EGR^4ilii-rSEGR«3!iiitJn-r-5Ci«: 
«fc«3. 5.7 p *-*5©3^^3WSS{c^cSA:«t)-C*> 
•5.. lj|jJSS6K:falSLfc<fc i 5&C. EGR#ia&T* 

E G R^T&W©^^* 1 6 . 5©=J-OU 
©jftB[*«BeLTfc«fcl». C©*B^feBI«{C. EGR^F 
a#rEGR#TifcflW©S,K£;*7^ 7'*-t5?5©a-f 
;U©jag©K^«*6^DSt>-7^7 , «i; LTttfl/tfc 
<. 
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[#Sfl8©3»*] «±Bi9!Lr*fcJ:9tc, c©»«K:«fc 

EGR^pga^p^-r-sx^^^-^©^^^ 
*tttcgEffr si^tcofcciKjror. EGR^ffaa 

*«Mtt«JK: L-^Sair m>Ci tcstSH-r Wtt E 
GR$©SMfi»1-SCi*t#S„ Xf^ 

-'^^©HJB* »E«««: *fc-t±r mtt S L 
Ctfct^t. X^5»^-^©SWlPjiS©±fE^6, 

*i«C J: ■» T E G R^©*iJ®1i«64[S]± S 1± S c t ifi-Q % 

-So ii^sgets©^^, ±imm<D$im (mimi 

E«©»W©«*> «c*fbT. 5 6«ct(T©J:^^Si[ 
■?-©m* i &i«*iB2IBtK©ffliE#iJS#SK:ffl^ 

fcci«:i-oT. aaafiK»r©EGR(w»fsfei»©i$i±*j 

[E9iB©n««caMI] 

[0 1 ] i «:ia4£©^©»fiS0r*-5„ 
[02] **©^«©«jisia <^»H) t?**. 
im3) mm<m&<Dmfm (^xr 
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[04] msmrtiMam-? * ?m-v$> z> . 
[05] tmmBUjam&-? * ym-c$> z> . 

[0 6] m2CDSbfp/^->©f r ^— f j -Jtf&Ev 
v?'M (5 0%fcU:©£#) -C$>£„ 
[0 7] ^2©iftfV^->©7 r 3.-7 u ^ -JtK5£v 
•^M (5 0%*iiS©£#) -C&S. 

[0 8 ] m^iXy- v ^momt^ $ - >m-c$> &„ 

xf 7 £©=j ^^©fiKJi^v ^ 7" 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 
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As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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